Previous data suggest that agonist-induced hydrolysis of phosphatidylinositol bisphosphate is accompanied by resynthesis through phosphatidylinositol such that these metabolic events function in a cyclic manner. However, it is not known whether resynthesis depends on the presence of agonist or is a direct result of agonist-induced breakdown. In the present study we demonstrate that: (1) increasing the intracellular free inositol concentration will not stimulate phosphatidylinositol synthesis, as measured by assessing the amount of [32P]P. incorporation; (2) regeneration of free inositol is required for resynthesis; however, addition of exogenous inositol can sustain resynthesis under conditions which inhibit the regeneration of endogenous inositol; (3) resynthesis can take place in the absence of agonist provided that cells have been previously incubated under conditions which prevent resynthesis; and (4) the presence of agonist does not increase the rate of resynthesis. Thus the resynthetic phase of the phosphoinositide cycle is a compensatory event triggered either by the decrease in the level of phosphatidylinositol or by an increase in precursor substrates. The agonist itself appears to have no direct effect on the resynthesis process.
INTRODUCTION
The cyclic nature of the phosphoinositide effect has been deduced from the fact that rapid phospholipase C-induced breakdown of phosphatidylinositol bisphosphate is accompanied by an increase in the rate of incorporation of [32P]Pi into phosphatidylinositol, as well as into the 1-phosphate of the polyphosphoinositides [1, 2] . Failure to observe comparable increases in the rate of incorporation of labelled inositol under conditions in which the specific radioactivity of the free inositol pool is 18-fold higher than that in the lipid pool [3, 4] has led to the suggestion that the inositol is reutilized during the resynthetic phase. The increase observed in synthesis of phosphatidylinositol has been assumed to be secondary to hormone-induced hydrolysis, but whether or not hormonal stimulation plays any more direct effect has not been addressed. In addition, it is not clear whether it is an increase in precursors or a decrease in phosphatidylinositol, or both, which trigger resynthesis. Imai & Gershengorn have suggested that it is the decrease in phosphatidylinositol [5] .
Previous experiments from our laboratory have suggested the existence of vasopressin-sensitive and -insensitive pools within WRK-I rat mammary tumour cells [2, 3, 6, 7] . This conclusion was based on the differential labelling of these pools with [32P]Pi. Similar experiments utilizing [3H]inositol failed to differentiate between individual pools, possibly because the inositol was being incorporated via an exchange reaction rather than synthesis de novo [3, 4] . In the same study, the inability of hormone to induce disappearance of [3H] inositol-labelled phosphatidylinositol in the absence of Li' suggested reutilization of the labelled moiety, as did the inability of vasopressin to induce an increase in inositol incorporation into a hormone-sensitive pool. In addition, Li' partially inhibited the hormone-induced increase in incorporation of radioactive phosphate into phosphatidylinositol, although values never decreased to below basal levels, suggesting that the decrease in free inositol resulting from Li' treatment affected only cyclic resynthesis and not non-cyclic inositol incorporation [3] . Similar results concerning the ability of Li' to block cyclic resynthesis of phosphatidylinositol have been reported for GH3 cells [8] ), rat parotid cells [9] , brain slices [10] and adrenal cells [11] . Together, these data suggested that resynthesis was linked to breakdown.
In the present study, we examine cyclic phosphoinositide metabolism in more detail, and demonstrate (1) that the inhibition of resynthesis seen in the presence of Li' can be overcome by addition of exogenous inositol, and (2) that resynthesis of phosphatidylinositol is not directly affected by hormone, but rather is regulated by the availability of either substrate or product.
MATERIALS AND METHODS

Materials
Tissue-culture media, trypsin, Dulbecco's phosphate-buffered saline, antibiotic-antimycotic and glutamine were purchased from GIBCO. Plasticware for tissue culture was from Costar. Anion-exchange resin (AG 1-X8, 200-400 mesh, formate form) was from Bio-Rad. Thin-layer chromatographs [silica gel (IB- [12] . The variant used in these experiments (IB) arose spontaneously and has been previously described [3] . Monolayer cultures were maintained in Ham's F-12 medium supplemented with Earle's salts and fetal-calf serum (10 %, v/v), rat serum (2 %, v/v), penicillin (100 units/ml), Fungizone (0.25 ,ug/ml) and streptomycin (100 ,ug/ml). For [2, 3] . As shown in this experiment, vasopressin alone has no effect on the levels of free inositol; however, in the presence of Li' and vasopressin, the inositol levels are decreased by 88 %. Phosphoinositide levels are decreased by 600, and inositol phosphate levels are increased by 10670%. Thus two conclusions can be drawn about inositol levels: (1) free inositol levels are not increased upon stimulation with vasopressin alone; and (2) free inositol levels are drastically decreased in cells treated with a combination of vasopressin and LiCl.
Effect of exogenous inositol on control and vasopressinstimulated phosphate incorporation into phosphatidylinositol in the presence of LiCl Li+ blocks vasopressin-induced incorporation of radioactive phosphate into phosphatidylinositol, presumably by preventing regeneration of free inositol. In the experiment shown in Fig. 1 , Li+ treatment resulted in a 670% inhibition of the vasopressin effect in the absence of exogenous inositol. A concentration of inositol between 10 and 100 mm completely reversed the effect of Li+. Basal incorporation was not significantly affected by the presence of exogenous inositol (10 mM). These data suggest that regeneration of free inositol is required for proper functioning of the resynthetic phase of the cycle, but that increasing the level of intracellular free inositol in the absence of a decrease in phosphatidylinositol will not increase the rate of synthesis of phosphatidylinositol.
Effect of exogenous inositol on levels of intracellular free inositol
In order to determine the relationship between a given level of extracellular inositol and the level of intracellular free inositol, cells were incubated with various levels of unlabelled inositol in the presence of 10uCi of radiolabelled inositol/ml. and Li+, there was no reincorporation of radioactivity. Removal of the Li+, however, resulted in reincorporation of approx. 40 % of the radioactivity. The presence of vasopressin had no effect on the rate of reincorporation, except perhaps to inhibit it at earlier times. This may reflect the time required for Li+ to leave the cell. However, once reincorporation begins, the slope of the two lines is similar (141 c.p.m./min for controls and 122 c.p.m./min for vasopressin-treated). In a separate experiment, the rate at which labelled phosphoinositides reappeared was compared with the rate at which free inositol reappeared and inositol phosphates disappeared ( Table 5 ). Reincorporation of radioactivity into phosphoinositides begins by 15 min, causing a further decrease in inositol levels; however, replenishment of the free inositol pool, which begins at 30 min and reaches control levels by 45 min, does not influence the rate of reincorporation. In this experiment, the rate of reincorporation in the presence of vasopressin is again slightly slower than in control cells, although the rate at which inositol is regenerated is slightly faster. If one examines the rate at which the radioactivity in the inositol phosphate fraction disappears, then one sees that vasopressin retards this process, although it is impossible to determine if this is due to a decrease in the rate of hydrolysis of the inositol phosphates, or due to continued generation in the presence of vasopressin. In conclusion, it is possible that inositol regeneration is rate-limiting in terms of resynthesis under these conditions; however, at no level of free inositol is vasopressin able to increase the rate of reincorporation, and the apparent decrease in the rate of reincorporation could be the result of simultaneous phospholipase C-stimulated hydrolysis. however, since regeneration of free inositol from inositol phosphates is occurring at the same time, it is difficult to determine whether this regeneration step has become ratelimiting, such that any effect of vasopressin would be obfuscated. Nevertheless, it is clear that resynthesis can take place quite well in the absence of hormone. In the experiment shown (Fig. 2) To understand what is triggering the hormone-independent resynthesis, it is necessary to examine the differences observed when Li' is added. The three obvious possibilities are (1) a decrease in the concentration of phosphatidylinositol, (2) an increase in the level of diacylglycerol, and (3) an increase in the accumulation of inositol phosphates. As mentioned above, the experiment shown in Fig. 2 by-passes any increase in the phosphorylated precursors, phosphatidic acid and CDPdiacylglycerol. With respect to accumulation of inositol phosphates, the data shown in Table 4 indicate that this alone is not sufficient to activate synthesis, although it may be required. Likewise, increasing the endogenous inositol concentration in the absence of phosphoinositide depletion does not activate synthesis (Fig. 1 ). It is difficult to analyse the contribution of increased diacylglycerol levels (Table 3) , since this phenomenon is not specific for phosphoinositide cycling, and may reflect phosphatidylcholine turnover as well. Imai & Gershengorn have presented data that suggest that it is the decrease in phosphatidylinositol levels which triggers resynthesis [5] . Our own data regarding ionophore-stimulated phospholipase C activity would tend to confirm this. Concomitant with increased hydrolysis of phosphoinositides, A23187 also stimulates [32P]Pi incorporation into phosphatidylinositol [15] . This is interesting in light of the fact that Ca2+ inhibits phosphatidylinositol synthetase in vitro.
Thus we conclude that (1) resynthesis requires regeneration of free inositol, (2) increasing the inositol concentration in the absence of a decrease in phosphatidylinositol will not stimulate synthesis, and (3) resynthesis does not require the presence of hormone and, under the conditions of the experiments described here, is not stimulated by hormone. Whether the triggering event for resynthesis is the generation of substrate or the decrease in product, or some as yet unidentified event, cannot be determined from these experiments.
